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The pn·~t·nt :-.tuch wa" de,igned to compan• tnhihitton of ()'\,.\ :-vnthesi>- in human 
epic!Prm i" hv lipid-... oluhh analnl{UP:. of mPt hnt rexate andll\ ut ht'r mhtbltnr:- of dih~ d rofolat e 
rPductn~e to line! a potenttall,\ useful topical agent for the thNnpv of psnrta~ts. Skm sampl!'s 
wen• pr!'lll<'Uhnted lor .lO mm wtth LO · \I eii!H't'ntrutums ut a sPTll'" of II compound:.. The 
inhihltwn of D:'I:A ~~ nthPsis h) thPst> compound:- Mls nssayed h~ measuring thP inrorporatwn 
of d£'nxvuriclme-3H into £•xtracted 0:\'A following a:! hr IIH'\thntul!l. A ratio of inhibitor~ 
acttv·itv· exprl'ssPd as the '• inhibition by Ill • M drug to the ' • mh1h1tion h~ 10 • M methotrE-x-
ate was calculated for each compound. Maxunum mhih11on nrtivll\ was obtained Y.llh the 
dinwth\'1 and diethyl esters of methotrexate and the same l'sters of diC'hloromethotrPx!lte. 
''ith mean ratio>- ol t.:l.J. 1.:\-l. and 1.:\il. 1.1:!. re ... pectiveh . Further increases 111 alkv·l chain 
leng-th r£',.,1llt!'d in a decrease in inhibitory ad ivit_v. Dichloromet hot rexatP \ ie\decl a L.~:\ 
ratio. nminnpterin a Lt.! ratio. whilE:' the p~·rimethanmw ratio wa, 0.11 and that ol 
trimethopnm was n. It is not known y£'1 \\hether the,.,e rt.'>-lllt"' reflect difference-. in cell 
pPnet rat ion clue to lipid -nluhility rharartl•rist ir:-. nnd/or diflerenre,.. in binding of drug h,\ 
dih\"Cirofolntt• rNhtcta-.e. 
The loit<· <ll'id antngontst methotrex!lle t:\ITXJ 
is the primary "Y't l'lllir rhernot hprapeut ic drul{ 
used lor thl' trent ment of c·xtensiw p~orial't~ ll :lJ. 
Hv blocking dih\(lrofollltt• redm tnsP \1TX arts to 
inhibit U'\A s\·nthesi~ in skin [!.;1 I and rnn,.,e 
quent h prcn•nts c·ells from unclergntng mitnsi;; J6J. 
In this m11nn£'r the rapid prolilerntion of th£' 
epidermal rells in the psoriatic lesion ts dP<'rPnsecl. 
allow1n~ the "kin tn return to a diniralh normal 
!>tate Hccaust• of tlw potential sy:-.temil; toxirit~ 
invoh !'rl wh!'n .tel m1n1stering a rhPmot hNaJWUI i< 
agent. -.uch as \I TX 171. sl'\"t'ral at tempt>- h:l\'e 
been made to ltnd ,r topical\,· Pfl£'ctive n~ent for 
psoria,.,is lt'i.~.H J. ,\It hough hot h ,.,~·,.,temic and in 
tr!ldermallv udmini,.,terNI t\ITX ha\t' been sho\\n 
to mhihit [)'\A ,.,,ntlll'"l'- tn ,.,km J-t.:> J. its u-.e 
topical)\' has been dinirally irwff<•ct iv e J6. 10 1:\j . 
The lollm,in,... ,.,tuth· 1\Hs de ... ignecl to compare 
in hi hit inn of D '\ -\ ",\'nth£'sis in human £'pidermis 
by lipid .,.,oluhlt• analogues ol 1\ITX one! ot h<·r 
inhibitors of dihyclrofolate redu<ta-.e tn order to 
find a protentiall\' uselul topieal lll!l'lll 
1\lanu,nipt rl'n' lll'CI·Jun£> .1. 1971: in rl!vbed tnrm .Jut~ 
17. Hlii.IHTl'JHI'cllor puhlll'UIInn .July:!:!. Hlit 
Thi~ innst il(lll tun wu-. supportC'd in pnrt h\ l'SPHS 
Grant A~! IIHI'!i Jrom thl• :\11tional ln>titute' of Ht>nhh 
and tht \omprl'ht•tNIC' C'unc·pr IPntPr ol :'\li11m1 Grnnt 
('A ll'l9.'i Ill Tlw lndlittl'' nt thC' G£'n£'ral Cliniral 
R£"~e<mh {"pnH·r ~uppnrtPcl hv DHE\\ c:ram HH 0261 
lrnm thl• \allun.tllnsttluiC'~ ot Health wf'r£' used . 
rhi, papt'r wa~ prt•,t·ntt·d 111 part at thl• mee11n~ ot The 
:-.nnl'l\" tor lm£'-.ttgu!lw f>l'rmatnlnl!' · lm :'\lav .J . 1!171 . 
Atlontit C'ttl . ~t·\\ .Jl'r't'\ · 
From till· Dl•parl nwnt nt l>t>rmatnlnJ.." . l' Ill\ P,.,itl nl 
\li11m1 ~rhcu>l nl :\h•cltl'l lll', ~l l.ltnl. Fluricla. tRl'print 
rl'qu!'sh to Dt•p.Ht nll'nt ot Dl·rmatnlol(\·. l'nin•r,ll\ of 
1\liamt ~~·hcH>I nt :\lt•cl1rinl'. 1'. 0 Ho\ ;,211';;;), Ht~cavn!' 
An n£'x :\t1a mt. Flortda :u 1.1:! 
\IATFHIAI S \'ll MFTIIOD~ 
1\IT'\ and '1',:1 ·dit·hlorum£'thntrexate t DC\\1 1 1\t're oh 
111im·d !rom LNierle l.ahorarori£>s. Pearl R11er :\'I., 
through tht> t·uurt!' ... l' nt Dr. F: C. DeRenzo. Pnimf'tha 
mim·t '\SC IIIIH) and thP sf'm•s nl d111lkvl p ... ter- of :\1TX 
on ell)('\! I Fil(, I I 1\NI' l{l' llt!TOII<:h· prm trlPrl h\' Dr D . G 
.John~. lft'acl. Drill( M£'tahnh-.m Sl?t'l ion. Labnrntun of 
C'hemintl l'hurnHtt·olol('. \ational Cancer lnslttute. ~~~ 
1innal lnsllttttl'' ot lll-nlth Hethesda, !\ld. Anunupt£'rin 
wa~ nhtaim•d !rum l'll'rtl' Chemical Cn , ,md trtmE'thn · 
prim lrom ('alhtorhl'm D('('''·uricline-6- H t l dH -'HJ tsp 
ad ;:!;,,., Ct mmnl<'l 1\:1'- purchnsNI from \!'\\ En~:land 
\udt•ar. 
Frc·-h human epicll!rtnl" was rl.'mon~d lrnm amJ>Utatcd 
limbs "11h 11 dt'rmutt>ml'. Tu test n serie~ ut I I dru!(s. 
skin !rom I pnttcnt \\!ls emplo~ed and thl' E'xpPrim£'nt 
r£'pl!at!'d with skm I rom I clitlt>renr pati£'nts ~< ~lp plu!(s 
ohtatnPcl lrom hair tran-.plants wl.'re used fn r t!',ltng th£> 
I"Mtnu., drug- lulltll\in~: rE'rnnvalnt thE' clermal Ji,,UE'. tAll 
Pptcll'rmnl spr<"inwns rnnt ainl'd IP-.s than :10 dermio, as 
c!Nt'rmtm•d h\ hl!matoxl lm-en~in . l 
.'itnndnrd (1_,_,(1\ procrdurc•. ThE' Wl.'ighl!cl skin samples 
1\Prl' plnn•d in n st'riP" of 211-ml Erll'nmeyl'r tlnsk, !:1 
l · tnl11·rlianll'II'T JlUtH'hl's per tla~kl, each <'Ontaininl( i; tnf 
ul Ea!(lr's hn-.al meclium with Hank,: -<airs t'iorth 
Anwrirnn Hiulu~:irnl-.1 Tht> meclium comatned gentami-
nn sultatr 1Srhrring1, lllO I'Wtnl : 1-glutamim• 1 '\utn · 
tiunal H1!1{ humlai,J. :1i'lll 1'1!. ml : Tris huiiE'r l ildju-.ted 
\\tlh IICitr pH j it 111.0 m\1; and dru!(.lll th£' appropri · 
all' tnnrent rat iun . lnruhation flusb \\Crt.' pr£'inrubated 
tn 1 ht• pn·-.t•nrt• or nlN•tt<'e ot clrug at :li r. for :lO mill 
undPr n;, nx\'J!l'n nnd :l t•arhon clioxidE' in a Dubnoll 
ml•lllhnlll· -.hukinl! uwuhator. Alter :10 m1n pn: tncubation 
Ill 1-1<'1 ot l dH "H 1 1.1 Ill • 111 \\l!re 11ddl•d tu each 
tla-k. one! uwuhattnn wu" cuntinuPrllur :1 hr Thl' int·uha· 
I ion., IH'rt' ll'rtntnllt!'d hv pl.tt'tnJ: tht lla,ks 111 an l('l' bath 
and uddml( prl't hlnrtt' und II'C.\1 to a rum·entration ot 
Jill 
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U.f> '·The· llssub \H•rt '""ht·d thorough!\ \\llh l'old 0.:.:.·, 
' PC'A and thc:n humogt.:llllt·t! tn :! .. i ml l'old ethanol · 
e ther 1:1 II. l'rott·tns und nudt·tc ands \\t.:rt.: precillttatc:d 
and \\Hsht-d thrt•E' ttnH•s \\llh tuld 0.2:,' PCA to rl.'ll10\l' 
tht· and soluhlt• rndtu;H·tt\t• t<>mpuund~. The nudt·tt 
ands wt·n• then hnlruh zed tor I hr at 1'!11 c·. 1 ht- raclio· 
ac·tt\ II\' t:XIr<lt·t~:d I rum tht prl'uptlillt·d nudt•tt .tt'l(ls 
\\lis mt•asurt'CI m a Sl'tnttll.llton "Jll'l't ruml.'ter. Counts 
\\l'rl' t·orrt:cll·d lor hut·k~:round und expre,.sl'd as nntnts 
min/ mgut tt,sut• 
HF-.ll,ls 
The rat£' nl {'ciH -3 H IIH'orporatton into[):-.,,-\ tn 
t h£' nh-.l·nt·t· ol drug \\Its meHsurecl 111 the amputa 
t ion sktn and :-.t·alp plug-. !Fig.~). A t·onrt•ntrution 
ol l 'dH ol I Ill "M s<llllrHtNI the rate-limiting 
step for it-. inl'urpornt ion lor mort• than~ hr. Thu-.. 
fur the :;uh,.t•quent tc·;.ttng of dnt)!" <I sland.Hd 
incubation time nf :2 hr \\Hs -.('h>rtt•cl. 
Sinre the ohjel't nl thr »tuch \\a,. to rompan•tlw 
relatiH· ellet'ttvt•nt•-.-. ol the \'arinu,., folat£' antago-
nists \\llh \1'1 \. .lronn•ntratt<ll1 of :\I TX of Ill • \1 
Methotrexate, R • H 
Esters ol Methotrexate , R ester·Qrouptmethyl,ethyl ) 
3',5' - D<ch loromethotrexate, R • H 
Ester~ of D hlorometnotrexate, R • est e,..qroup(methyl , ethy 
Ftc; . 1 O..,trut tttrb nl t•,ft'~'>' nt tnt:thutrl'xatt• .tnd dt 
l'hlnrnmethnt rl'X,ttc. 
0 
' 
. '
A • '11f t 
• 
Ftc;. 2 . H,tt P nt dtu\\ urtdtfll•.Jf( tnt·nrporattun mto 
D:'\A Ill tht• .thst'lll'l' nt drttl( Ill dtllt•rt•nl ~ktn tl,>llh. 
\\a;, rho;,t•n "htl'h tnhthitt·d [)\,,.\ s~ nthcsts ap-
proximat t•l~ ;,()' ! Fig :11. 
lnfltlltton actu it.' <1{ t'Gr!flll' foliC and 
cmtal!rlnt.,h . In ('arh ex1wriment , a ratio ot inhibi-
t on acti\·it\'. c•xpn•-..,..£'d ,1-.. the 1wrrent ol inhibition 
h~ 10 • \1 dru:.: to tht• pt•nt·nt inhiluti<m In 10 6 " 
:\1TX \\as t•akul,llt•d The nwan ratio,.. from tht• 
four t•xperinwnts ohtairwd \\ith amputation ... kin 
are ;,ummarllt'd in the Table. ~laximum inhibi-
tor\ nrti\ itte:- were obtained with the lipicl-... olubiC' 
clinwthyl und dit•th~·l t•-.ter,. of :\11 X and DC' \1 
"it h mean ratios of 1.:0. 1.:1-1. and 1.:1:,. I. 1~. 
rt•;,pt•cti\t'h Further inrr£'a;..('s in alk\l chain 
lt•ttgth Ill the MTX esl£'r;., i.e .. amyl ((':,; ratio 
1.111 and ortvl !C'H: ratio u.:l9l r('sultc·d in a 
cl£'rrt'<N' in tnhihttor\ <ll'lt\ it\·. Aminoptt•rin. n 
"' rurt ural analogue ol \ tT:X whic·h i,.. a more 
pntt•nt inhibitor of clihnlrofolatt' reduct.t,..e 1111. 
\\:IS 11 tll<lrt' l'lft·rti\l• lllhibitor of ]):-.,,\ ,..\lltht•sis 
than :\IT:X !ratio 1.:1~). 
'1\\o :2 I clt.lntlll<t(J\ rimiclint' drug-. "htrh are 
Iulie .tnd .tntagont-..ts \\t•re abo te,.ted . P\'nmetha-
mtnt·. a drug ust•d for tlw dwmotht•rap~ of pia-.. 
mod tal inft·rt ioth and" hich -.elerti,·el~ htncb pia .... 
... 
Fu .. l , Elll't'l nl rnt·thotrt-x.llt nmct:ntratlnn on()'\ \ 
-vnt ht st' 
TAHLE 
f-/[t'l'/ 0//•111< n u d antn}lu/11'1' un [},\ \ ·'"II Itt,;,, 
Iff human .. hn 
llrug 
!\IT X 
Dtml·th\ lt•,.t~er 
l>wthVIC'~lN 
Diunwlt•stl'r 
Dull' I' lt"•tt·r 
I>C\1 
DtnH·t In· I"'' tor 
Dll't hvlt•sl c•r 
Amtn<tptt•rin 
l'r\ lllll'lhllllltlll 
f rtnlt'lh<tprim 
l.ll 
1.:! 1• 
1.:11• 
1.1 ,. 
n.:!lJ• 
l.:!:l• 
I 'J;i• 
1. 1:!'' 
I l:!" 
0 II " 
o• 
• t{al!n ut tttlnhttllnt h\ Ill • \1 drug· mhthtlt<tll ll\ 
Ill • \t \ITX 
• Dru~: •·llt·•·t 'tnll,lll.tlh dtllert·nt I rom \II'\ tp 
(l.il 
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modinl dih~droll1late rrdurtu..,e [lfi.l6 j. had little 
inhibitory Hcti\tly 111 ..,kin (ratio O.lU. Likewi..,e 
trimethoprim . a drug u,ed primarily for antibactt>-
rial rhemothf:'rapy and "htch exhibit~ a ;.electi\'e 
binding to the hnt·tenal dihvdrofolate reducta..,e 
[15.16] had no mhihitnn artl\tty 111 human ..,kin 
(rat1oOI . 
The mhihitorv artivtl\ of the,.,e <·ompound.., wa!' 
also a,.,sayed tL..,in:.: ..,c·alp-plug tts;.ue . The drug 
re ... pon,.,e wa.., sttmlar in both tis..,ue.., with max 
imum <H tin tv ohuunt•d ''ith the dtmethyl e,ters of 
J\.ITX and DC!\1. 
l) IS('t SSIO\ 
The pre..,ent data mchcate that the dimethyl and 
dieth\1 e,.,ter,., of both :\1TX and DCM are more 
eflectin~ inhibitor-. of D~A :,.ynthe,.,i:,; in human 
;,kin than the respeC'ti,·c• par<'nt compounck Tlw 
enham·edinhihiton acti\lt\ olthe,.,ecster,.,may hr 
due to a more potent mhihition of the targl'l 
enzyme dlh\'drnlolate rNluctast•. ancl!or enhanced 
cellulur penet rauon 
Prr-.rnt endeJH'l' indicate!' that the alkyl ester,., 
are le,.,.., ellrc·tiH· thau the parent compound a,., 
lnhthitor.., ol dihydmfolute reduc-tase in LJ~IO 
murint• leukemia ct•ll:- IJI ]. Inasmuch a:- the ki -
netic- proprrt ie>- ol dihydrntolate rt>ducta..,e 'an 
from diffrrent sourcrs [IH] it may well br that 
there 1" an l•nhanced binding of thrse drug,., to 
dihydrofolate reductas<' ol human ,.,kin. This point 
is yet to be ,.,tudiNI. 
The dialkyl esters of MTX and DCM are :-e\entl 
fold mur(' lipophiltt· th.m the parent c-ompound a,., 
mea;.ured by octanol and '' atN part it ion coefli-
cients 117]. The enham·NI lipid solubility of tlwse 
e:-;ter compound:- may re>-ult tn enhanced percu 
tanC'ou-. nb-,orpt ion and penetration of epidermal 
celb therl)\ enahltng the topic·al use ot thrs<• 
com pound>- 1!1r the t rl'at ment ol di;,elhes of epir!C'r 
mal hyperplasia. 1 l' . psonas1s and >-kin cancer 
There ex1.,1s an optimum ratio ot lipid'\\ llle r 
solubtltt:-.· in l•nhannn~ percutaneou~ absorption of 
a drug. Pernttaneuus ab,..orptlon of nlk\'1 e,..ter" ul 
mrolmt< n<·td reac·h a maxtmum rate ol penetra -
tion \\llh nwth.d and l•thYI e,..ters and dE-crease 
with increastn~ alk\1 c·hatn lenl{t h II ]. Th1;; 1.., 
analogous to th<' prrsrnt tindtng,., ol lcl\\er <H'tl\i ty 
of long-chain-length MTX ester-. and ,..uggl'"t:- l hut 
pcorcutnneou,., prtwt rat ion does pia) nn important 
role in dC'fining t h<· rrlnt ive net i' it\' uf t hr ... e drugs 
as inhibttors of Dl\A svnthesis. 
Our workinj! ll\ potlwsis suggest:- that :\fTX 
affect,., t hr p>-oriat ic skin dirE'rt ly at t hr nllant·ou.., 
lC'\el rather than throu:.:h an inrlirert effect medi -
ated by anothe: organ. Local mjection;; ot :\-1TX 
into the skm mhihit D"- A synthesis. stop mtto"e". 
and lrthally damage cell,., HI Thu" it would -.r•em 
reasonable to t·on:-tdc>r that aclrquatl• dehH•ry· ol a 
MTX analogue rhrecth to invohl'd skin :-houlcl 
produ<·e at IC'ast the "am<' elf<·rt:- lb intradr•rmal 
MTX. The problem of perc·utaneou" penetratlonut 
these compound;. 1,., an t>~sential con>-ideration 111 
achte\ 111g a pharmatolol-(ic effeC't in the ,.,k1n and 1>-
intlmatcly relatrd to the ltpid >-oluhilll\' l'haractrr-
istiC's of the~<· compound;.. 
Tht> trt·hmtal .t"i~tann? ut 1\11"' Clad\~ Huennes '" 
l!filletulh n<·knnwlt>rlged 
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